Aims: In Slovenia, there were no data available for an assessment of cadmium and lead levels in the population till 2001. The present study was conducted to evaluate the cadmium and lead burden from all sources (air, food, water) with the aim of obtaining initial information on cadmium and lead levels in blood of healthy and occupationally unexposed young males. Methods: There were 464 participants included in the analysis of blood cadmium and lead levels, aged between 18 and 27 years, the median age being 20 years. Blood samples of maximum 2 ml were taken from the cubital vein for analysis of cadmium and lead levels. Results: There were 463 blood samples analyzed for cadmium and 464 for lead. Of all tested persons, 38.2% had less than 0.5 mg/l of cadmium in their blood and 28.2% up to 1 mg/l. The median level of blood cadmium was 0.5 mg/l. The percentage of recruits with blood lead level over 100 mg was 3.1%. The median level of blood lead was 35 mg/l. The differences in blood levels of both pollutants were statistically significant with regard to the region of permanent residence (Po0.001). Conclusions: The results of the study give a good assessment of cadmium and lead burdening of young Slovene male population. The information obtained provides a foundation for further comparative research at the international level as well as for further study and risk assessment of individual population groups exposed to greater risk due to their lifestyle and eating habits.
Introduction
The international community takes great interest, in particular, in the study of dietary intake of harmful substances which is considered the most important type of body intake in the population not being occupationally exposed (Galal Gorchev, 1993) . In cases where the characteristics of absorption, distribution and excretion of the substance in question are well known, biological monitoring provides a much better foundation for the exposure assessment of individuals, whereas such information can also be used for the purpose of assessing the exposure of population groups (WHO, 2000) .
The level of harmful substances in individuals biological samples depends on the exposure and the characteristics of such individuals, which may affect the intake and the absorption, as well as the concentration of such substances in internal organs (Louekari et al., 1989) . The intake of certain harmful substances is considered a substantial health risk, even when the concentrations of such substances are relatively low, which is mostly due to a longer exposure period. This in particular applies to substances, that tend to accumulate in the body. The harmful substances, regarded as an issue of special health concern, also include cadmium and lead.
The bioavailability of cadmium and lead is different in individual sorts of food; hence, the exposure assessment based on the exposure of population to such substances in food can be considered fairly unreliable. The fact that cadmium and lead levels in the same sort of food tend to vary just adds to the uncertainity. For the evaluation of momentary exposure to cadmium and lead, whole-blood samples are considered most appropriate (Elinder, 1991; Nordberg and Nordberg, 1988) . The cadmium and lead in blood are almost entirely bound to erythrocytes. And when the concentration in the serum is very low, it is difficult to determine it precisely.
The cadmium level in people not occupationally exposed to cadmium intake mostly depends on the cadmium intake by way of food. It depends on the local conditions, which may differ substantially, especially as far as the food of vegetable origin is concerned. Besides, great differences can be observed in eating habits of individuals. In moderately exposed persons, the usual blood cadmium level is up to 4 mg/l, and in most cases around 1 mg/l or less (Watanabe et al., 1996; Moon et al., 1995) . The level also depends on whether such persons are smokers or nonsmokers or subjected to passive smoking, respectively. In smokers, the mean blood cadmium level is usually two-fold higher when compared to nonsmokers, this, however, depends on the amount and brand of smoked cigarettes (Staessen et al., 1990; Shaham et al., 1996) .
The blood lead level reflects the exposure to lead in air, food, water and dust particles. Several researches show that the blood lead level in people not being occupationally exposed and not living in contaminated areas usually varies between 30 and 60 mg/l (Watanabe et al., 1996; Dewailly et al., 2001; Gulson et al., 1999) . Of the adult population living in urban areas, 99% has a blood lead level below 200 mg/l (WHO, 1987). The differences in blood lead levels of men and women, observed in some studies, are not the consequence of varying physiological acceptability of lead in men and women, but most likely the result of different types of intakes. Men are known to consume greater amounts of food than women, and inhale greater amounts of air (Lippmann, 1990) .
In Slovenia (2 million inhabitants, 21,000 km 2 ) F a central European country, bordered by Italy, Austria, Hungary and Croatia (Figure 1 ), there were no data available to enable global assessment of cadmium and lead burden levels in the population up to 2001. Only the results of a study on a smaller group of blood donors (N ¼ 64) not occupationally exposed to increased intake of lead were available (Erzˇen et al., 2001 ). The observed blood lead level was 50 mg/l. In persons who were most likely occupationally exposed to higher environmental lead concentrations (workers involved in production of crystal glassware), the observed blood lead level was substantially higher. The median was 85 mg/l. The blood cadmium level observed in this group of blood donors was low in nonsmokers (median ¼ 0.3 mg/l), whereas in smokers the median was as much as 0.9 mg/l.
As the data on above-mentioned harmful substance levels in food as well as eating habits of the Slovenian population were quite scarce and did not enable proper evaluation of population exposure, we decided to carry out a research on cadmium and lead burden levels in a group of healthy young males.
Aims and goals
The present research was aimed at studying the cadmium and lead burden levels in blood samples of participants and obtaining the information from biological monitoring to evaluate the cadmium and lead burden from all sources, that is, air, food, water. As the cadmium and lead levels were expected to vary regionally to a great extent, the study also aimed to establish the differences among the cadmium and lead levels in the participants from different health regions (HRs) as well.
Participants and methods

The Sample and Sampling Methods
The study focused on the population of military recruits called up for military service from August till November 2001. On receiving the call-up for military service, recruits also have to undergo an obligatory vaccination against tickborne meningoencephalitis, performed at the Public Health Institute in the region of their permanent residence. There are nine HRs in Slovenia (with respect to geographical location from the west to the east of Slovenia: Nova Gorica, Koper, Kranj, Ljubljana, Ravne na Korosˇkem, Novo mesto, Celje, Maribor and Murska Sobota F Figure 1 ).
The recruits came for their vaccination successively F when they received their call-ups. We invited them to cooperate in our research of the cadmium content in blood and hair. We explained to them the purpose and course of our research, and asked them to fill in a questionnaire related to their age, profession, hobbies, eating habits, and the quantity of alcohol and cigarettes consumed per week.
Taking into account the foreseen number of recruits and the data on the prevalence of smoking among the young population, we decided that our invitations for the recruits to participate in our research would take place for 4 months, or at least for so long that each regional group of occupationally unexposed nonsmokers will consist of at least 40 people.
Since the response of the recruits was very good (out of 792, as much as 742, 93.7% decided to cooperate), the number of nonsmoking participants in every region was higher than the minimum of 40. To assess the intake of cadmium and blood with food as accurately as possible, our later analyses excluded everyone who declared themselves as smokers, drank more than 20 g of alcohol per day, had special eating habits (vegetarians, vegans) and could be occupationally exposed to increased cadmium and lead intake. We counted working in a mine, as a painter, in glass or metal industry, especially color-metal industry, as possible professional exposure to cadmium and lead. Finally, there were 464 participants included in the analysis of blood cadmium and lead levels, aged between 18 and 27 years, the median age being 20 years. Table 1 presents the distribution of participants according to the region of their permanent residence, as well as according to their mean age. There was no statistically significant difference among the regions in the mean age of the recruits.
The call-up of recruits takes place randomly, depending on the space capacities of the barracks as well as the age of recruits, so we can consider the participants in our study as a randomly selected sample. Therefore, the information gathered by our research can be used to describe the characteristics of the Slovene male population if it corresponds to the segment included into our research (sex, age, eating habits, smoking status).
Laboratory Methods
Blood samples up to 2 ml were taken by means of a 5 ml syringe with added EDTA from the cubital vein. Prior to sample taking, the skin was thoroughly wiped with a disinfectant (70% alcohol or Cetavlon). Each blood sample was given its identification number, equal to the number on the questionnaire completed by the participant prior to blood sample taking. Blood samples were stored in a refrigerator until analyzed. In the cases where analysis did not take place within 48 h, the blood samples were frozen and stored at À201C.
For the analyses, the Varian SpectrAA-20 spectrophotometer, GTA-96 graphite tube atomizer and PSC-56 automatic sample changer were used. For blowing of graphite tube atomizers argon gas was used. Calibration took place prior to sample measurement and afterwards at an interval of every 10 samples. In this way, it was possible to ensure that all samples and standards were prepared in the same way and with the same chemicals. For the calibration, the method of standard addition was applied, with palladium used as a modifier (0.1 g/l). The blank sample was prepared in the same manner.
Prior to being analyzed, blood samples were diluted with a solution of 0.25% ascorbic acid and 1% Triton X-100, applied ratio 1:5. The prepared samples were analyzed directly by means of electrothermal atomic absorption. During the ashing stage, air was introduced into the graphite furnace instead of argon in order to burn the organic matrix. The lead absorbance was measured at 283.3 nm, and the cadmium absorbance at 228.8 nm. In lead and cadmium determination, the background correction was performed by employing the deuterium bulb (Minoia, 1985) . The quantification limit (LOQ) for blood cadmium level was 0.5 mg/l or 0.005 mmol/l, whereas for blood lead level it was 5 mg/l or 0.025 mmol/l. The LOQ for each element was defined as 10 times the standard deviation of replicate measurements of independent control blanks.
Each blood sample was prepared and analyzed in pair. The final value represented the mean value of both measurements. Based on 10 measurements of different paired samples standard deviation was calculated. The reliability of measurements was considered satisfactory when the difference between parallel determinations did not exceed two standard deviations. In case of a greater difference, however, the measurement was repeated.
For monitoring the correctness of the blood analysis method, the BCR CRM 194 certified reference material was applied. The analysis results for reference materials were satisfactory (observed values 94-103% of certified value, variation coefficient 4.7%).
All blood samples were analyzed at the same location: the chemical laboratory at the Regional Institute of Public Health Celje. This laboratory obtained the ISO 9001 certificate while the procedure of obtaining the certificate on the established quality assurance system ISO/IEC 17025 was underway. The laboratory also takes an active and satisfactory part in the international comparative analysis FAPAS, organized by the CLS Food Science Laboratory, Norwich, UK.
Statistical Methods
Cadmium and lead blood level values could be regarded as quantitative or semiquantitative, depending on how the values beyond the LOQ are treated. These values could be imputed according to GEMS/Food-Euro, 1995. All statistical methods were subjected to this fact.
In our study, we used the following procedure for imputation of data beyond the LOQ:
if the values were higher than the LOQ, the value itself was assigned, and to the values lower than the LOQ, the value of half of LOQ was assigned.
In statistical description, the parametric as well as nonparametric method was applied (Altman, 1993; Siegel Castellan, 1988) . The parametric description (mean,7 SD, minimum, maximum) was applied in order to obtain results comparable to those of other studies using the same kind of statistical analysis, while the nonparametric description (median, interquartile range) was used due to the fact that the values observed were not absolutely quantitative. We considered the nonparametric method as the basic method. Differences among HR were assessed using the KruskalWallis test, a nonparametric analogue to the analysis of variance (Siegel and Castellan, 1988) . The level of statistical significance was set to Po0.05. In respect of all kinds of analyses, the current version of SPSS for Windows was used (License of University of Ljubljana).
Results
Cadmium
There were 463 blood samples analyzed for cadmium content (one sample is missing due to laboratory manipulation). The identified blood cadmium levels were relatively low, ranging from 0.25 to 24. As many as 38.2% of participants had a blood cadmium level lower than LOQ, that is, 0.5 mg, and further 28.2% up to 1 mg (Figure 2 ). The mean level of blood cadmium was 0.971.3 (0.25-24) mg/l, whereas the median was 0.5 (0.25-1) mg/l.
The review of the mean levels of blood cadmium showed considerable differences between HRs (Figure 3) . The highest mean level of blood cadmium was observed in persons resident in the HR Ravne na Korosˇkem (1.16 mg/l), and only slightly lower in those from the HRs Nova Gorica and Murska Sobota. The lowest blood cadmium level was found in the population of the Ljubljana HR (0.25 mg/l), whereas in others it was of similar value and varied between 0.7 and 0.9 mg/l. The differences in blood cadmium level among HRs were statistically significant (Po0.001).
Lead
All 464 blood samples were analyzed for lead content. The values ranged from 5 to 250 mg/l. There were no samples with lead content lower than LOQ. The frequency distribution of the determined lead levels showed that as many as 80.5% participants had a blood lead level lower or equal to 50 mg, with the share of persons having blood lead level above 100 mg being 3.1% (Figure 4) . The mean level of blood lead was 37.4722.4 (5-350) mg/l, whereas the median was 35 (25-50) mg/l.
Like in cadmium, the review of the mean levels of blood lead showed considerable differences between HRs ( Figure 5) . By far the highest mean level of blood lead was observed in persons resident in the HR Ravne na Korosˇkem (60.7 mg/l). The lowest level was found in the population of the Ljubljana HR (28.2 mg/l), whereas in others it was of similar value and varied within 40 mg/l. The differences in blood lead level among HRs were statistically significant (Po0.001).
Discussion
Cadmium Levels
The mean blood cadmium level shown by the results of our study was 0.9 mg/l, which is a bit higher than the level observed by other researchers in nonexposed population.
In Singapore, the blood cadmium level was analyzed in various ethnic groups where the mean concentration found varied between 0.21 and 0.49 mg/l . In this study, it was also observed that the mean level in blood increased with the increased share of rice in nutrition.
Rice is considered to contribute the most to the dietary intake of cadmium also in Japan, where the blood cadmium level was observed to have reduced from 3.6 in 1980 to 1.84 mg/l, which is mostly attributable to the reduction of cadmium content in rice due to stricter environmental policy (Watanabe et al., 1996) .
Staessen and associates studied the cadmium burden in civil servant population in London. There, a similar mean level of blood cadmium was found as observed in the current research, 0.7 mg/l having been the median, and the range of levels having been from 0.4 to 8.5 mg/l. It is interesting that the mean cadmium level observed in women was 1.06 and in men 0.87 mg/l. In view of the fact that all interference factors, such as smoking and alcohol consumption, were eliminated, the reason for higher mean blood cadmium level could lie in higher vegetable share in nutrition (Staessen et al., 1990) . They detected a higher mean level of blood cadmium in smokers, that is, 1.5 mg/l (Staessen et al., 1990) as well.
A similar mean cadmium level, as found in our country, was also observed in Germany when studying the influence of active and passive smoking on cadmium level in blood. The mean blood cadmium level observed in nonsmokers was 0.85 mg/l, in passive smokers 0.93 mg/l and in smokers 0.97 mg/l (Shaham et al., 1996) .
In some places, however, the mean level of blood cadmium found was higher than in Slovenia. This was also shown by the research on blood cadmium level in a group of men in Singapore, where the mean cadmium level found was 1.31 mg/l (Xu et al., 1994) . In Japan, a research conducted by Watanabe and associates showed that the mean cadmium level in blood of nonexposed women was 1.84 mg/l (Watanabe et al., 1996) .
The review of the mean blood cadmium levels with regard to the HR in Slovenia shows considerable differences among regions. Two patterns can be seen from Figure 3 . The difference between west and east versus the central part of Slovenia with HR Ravne being excluded is considered the first one, and HRs Ravne na Korosˇkem, Murska Sobota and Nova Gorica versus all other HRs is considered the second. The burden of cadmium contamination in HRs with highest blood levels of cadmium being found in recruits could be explained. In HR Ravne na Korosˇkem lead smelter plant is located, while HRs Murska Sobota and Nova Gorica are considered as viniferous and rural regions.
Lead levels
The mean lead level in our study was 37.4 mg/l, whereas the median was 35 mg/l. The lead level in blood, as found in our group, is similar to the ones observed in other researches worldwide.
In Sweden, the mean level of blood lead in nonexposed men was 32 mg/l (Hallien et al., 1995) . A similar blood lead level was also observed in Japan in 1980, yet in the period of 10 years, that is, by 1990, it dropped to 23 mg/l (Watanabe et al., 1996) . The drop in blood lead level, after the use of leaded petrol was gradually reduced, was reported from other countries as well. Moore reports on a decline of the mean blood lead level in Glasgow women from 146 mg/l in 1977 to 35 mg/l in 1983 (Moore et al., 1998) .
In Germany, a statistically significant difference in blood lead levels between sexes was noted. In men, the mean level was 73 mg/l, and in women 54 mg/l. A detailed analysis showed that, apart from the sex factor, a higher blood lead level is also attributable to alcohol consumption and smoking (Weyermann and Brenner, 1997) .
The review of mean blood lead levels with regard to the HR in Slovenia shows differences among regions. The differences between west and east versus the central part of Slovenia with HR Ravne na Korosˇkem being excluded are not so striking, but the difference between the HR Ravne na Korosˇkem and other regions is much more obvious as in cadmium. As shown in Figure 5 , by far the highest mean level of blood lead was found in the population resident in the HR Ravne na Korosˇkem (60.7 mg/l). The lowest blood lead level found was that from the Ljubljana HR (28.2 mg/l), whereas in others it was of similar value and varied within 40 mg/l. The heavy burden of lead contamination in HR Ravne could be explained by the location of lead smelter in this HR.
The results indicate that the environment significantly affects the lead burden level. Although a sizeable decline of lead level was noted in individual environmental elements after leaded petrol usage was reduced, the exposure of people is different, depending on where and how they live and if a source of environmental contamination is near the place where they live or work. The difference between the exposure of people to lead in rural and urban areas indicates that the share of dust particles, in particular respirable, to which the population is exposed, is still quite significant in urban environments (Brockhaus et al., 1988) .
Conclusions
The findings of the research confirm the proposed hypothesis about the variety in environmental burdening through cadmium and lead. 1. Regardless of the aforementioned, however, the results of this research already give a clear idea of cadmium and lead levels burdening in young Slovene male population. 2. The expected difference in both pollutants burdening among Slovene HRs was confirmed. 3. The information obtained provides a foundation for further comparative research at the international level as well as for further study and risk assessment of individual population groups exposed to greater risk due to their lifestyle and eating habits.
